Through use of a simplified analyzing system, seven vitamin B6 derivatives were determined with a satisfactory sensitivity and precision.
produce compounds that may then be separated and quantitated by gas-liquid chromatography. These methods, while rapid and inexpensive, suffer from two major disadvantages. Derivatization can, in some cases, present the problem of incomplete reaction with the derivatizing agent. This problem can largely be overcome by the inclusion of internal standards. The second , and probably more significant, disadvantage is that derivatization of the vitamins precludes recovery of the compounds in their original form and quantity.
Approaches to the determination of vitamin B6 with HPLC were discussed in a recent review (6) . Yasumoto et al. (7) described an ion-exchange system for measuring PL, PN, and PM. However, the colorimetric detection procedure lacks sensitivity, and this limits the applicability of the method to biological materials.
Smith et al. (8) recently measured PL and PLP in human leukocytes and plasma using a cationic-exchange chromatography isolation procedure which involved enzymatic conversion of PLP to PL. The isolated PL was converted to 4-pyridoxyl-lactone, which was measured by fluorimetric assay. Although the method was sensitive enough for determination of PLP , it seemed to be more time-consuming than the other available methods.
Vanderslice et al. (9) improved the sensitivity of the earlier HPLC method of Vanderslice and Maire (10) and Vanderslice et al. (11) by adding semicarbazide to the buffer system and thus converting PL and PLP to their highly fluorescent oximes. This somewhat complicated system required the use of two different columns to enhance separation of the derivatives and employed changes in excitation and emission wavelengths to enhance sensitivities.
Schrijver et al. (12) successfully measured PLP in whole blood using an automated HPLC procedure. PLP was extracted from blood samples with trichloroacetic acid and purified by HPLC. The amounts of PLP were determined by post column treatment with semicarbazide to form the semicarbazone derivatives and were quantitated by fluorescence measurement.
Chauhan and Dakshinamurti (13) separated PL, PM, PN, PLP, and PMP by ion-exchange chromatography. The separated compounds were quantitated fl uorometrically as cyanohydrin derivatives, permitting a detection range of 10-50ng/ml. Five milliliters of serum were required per analysis, and one analysis required 6h to perform. A single cationic ion-exchange column and one fluorometer setting were used to measure PLP, PIC, PMP, PL, PN, PM, and PNP in 0.25ml of serum by Coburn and Mahuren (14) . However, the procedure required complicated equipment. They selected the bisulfite reaction because it provided sufficient additional selectivity to offset the slight reduction in fluorescence compared with the cyanide derivative , and because it gave better sensitivity than semicarbazone under acidic conditions . Gregory and Kirk (15) have described HPLC procedures using an ODS column to measure PLP, PIC, and other vitamin B6 compounds. They also noted interference with the cyanide procedure. While the cyanide procedure is difficult to incorporate directly into the chromatographic system, the semicarbazide reaction has been incorporated into a system (16) .
The reversed-phase methods proposed by Morita and Mizuno (17) and Pierotti et al. (18) have the disadvantage of requiring hydrolysis of the phosphorylated forms. Similarly, the reversed-phase method proposed by Gregory et al. (19) has the drawback of requiring deamination for PM and PMP. Gregory and Feldstein (20) accomplished a modification in their latest reversed-phase method, which appears to be applicable to food samples but has marginal sensitivity for human plasma.
An earlier report by Tsuge et al. (21) described a modified method of improving sensitivity for PLP by the formation of a more fluorescent derivative, PIC-P, through 5mM KCN treatment at pH 7.5. Using this method, the group analyzed the B6 contents in some food samples and biological materials in comparison with the data from the microbioassay by Saccharomvices uvarum ATCC 9080. DeoxyPN did not suit the internal standard because of the relatively poor fl uorescence quantum yield. Although detailed information is lacking, PN-f glucoside, which was recently reported to have been derived from plant seedlings, cereals, and other materials (27, 28) , appeared about 46min. This compound could also be determined simultaneously if the standard equation was constructed.
The precisions of the quantifications of B6 derivatives using the HPLC methods were excellent except for that for PLP, judging from the coefficients of variation (1ng per injection), which were less than 5%, and the detection limit, which was 0.05ng (in the case of PMP) at a signal-to-noise ratio of 5:1. The correlation coefficients of the straight-line graphs of all eight B6 derivatives examined were better than 0.997.
Effect of preservation conditions on B6 contents in samples
Vanderslice et al. (9) and Shephard and Labadarios (29) have reported that the preservation periods as well as the conditions alter the content of each B6 derivative because of the relatively facile interconversion of B6 derivatives, especially in food samples such as raw meat, crushed vegetable tissues, and juice. As for the extraction methods of B6 derivatives (11, 19) , we confirmed that the extraction by 1M perchloric acid gave the most reliable data tested (data not shown). Checks should be conducted to determine whether the preservation conditions of the sample are proper or not, and also to establish the effect of repeated freezing-thawings of the sample. One experiment was carried out to check the stability of authentic B6 derivatives in . distilled water. by 1M perchloric acid. In the case of disrupted cells in solution, the decomposition of phosphate ester was especially remarkable. Upon repeated freezing-thawings, the phosphorylated forms tended to decrease in the intact food samples. Thus, determination should be done promptly after the homogenization, and repeated freezing-thawings should be avoided whenever possible. A similar inclination was observed in the case where the sample was in solid form, but moisture was present (data not shown).
III. Determination of B6 derivatives of food samples and biological materials The supernatant solution was filtered through a 0.45 gum membrane filter prior to chromatographic analysis. The B6 contents of the extracts from several food samples and biological materials were calculated using interpolation from the respective standard curves, based on the integrated peak area. Table 2 summarizes the B6 derivative contents of selected foods and biological materials.
A previous study (21) on the fluorescence enhancement of PLP revealed that the peak of PLP, which was rather difficult to identify on an HPLC chart paper, became apparent. Thus, the total B6 content in each sample was the sum of PMP+PM+PNP+PL+PN from graph A and PLP from graph B in Fig. 3 . Obviously, a comparison of the data from the HPLC and microbioassay shows that these data agreed quite well with each other, especially for cow milk, wheat fl our, and egg yolk.
In the present experiment, we could not determine the B6 content, in particular, the PLP content, in normal human plasma since the main form of B6 in plasma, 
